The possibility that sunspots affect weather, and might be made a basis for long-range forecasting, has been recognized for many years, and their effect on "radio weather" is well known. Recently there seems to be renewed interest in this matter, and it is sometimes said that the subject has become "respectable" among meteorologists. The purpose of this note is to point to evidence that no phenomenon having a period in the vicinity of 10 years has any great effect on weather for a t least some weather elements in some places. A single example will be given.
Norton and Brier [ l ] studied persistence in Greenwich monthly mean temperatures. One hundred years of data, 1764 to 1863, were used and the correlation between months was computed for each interval from one to twelve months inclusive, separately for each of the twelve possible antecedent (or subsequent) months.
The 144 correlations, each based on 99 pairs of observations, of which the antecedent fell in the years 1764 to 1862 inclusive, were taken as data for statistical analysis. In brief, it was found that the correlation decreased curvilinearly with increasing interval, as would be expected a priori, falling from an average of about 0.3 for consecutive months to about half that for months one year apart, and that there was an annual cyclic variation in each of the twelve intervals studied. These twelve cycles were in phase with respect to the subsequent (but not the antecedent) month of the pair, which could be adequately represented by an annual sine wave plus the first harmonic (that is, a wave of period 6 months), amounting to deviations from the average correlation for a given interval of about 0.10 when August or September was the subsequent month, and -0.14 for January, both the decrease with increasing interval and the cyclic variation being statistically beyond reasonable doubt. Table 1 gives the smoothed values of the 144 correlations, that is, values estimated from the fitted curves of decrease with increasing interval and cyclic variation with the twelve subsequent months. Of course, the sampling reliability of these smoothed values does not justify retention of three decimals. Though they are improved compared to the unsmoothed correlations, which were subject to a sampling standard error averaging about 0.099, they are yet subject to an average sampling error of about 0.0194 (not 0.088 as stated by Norton and Brier 111).
I t is of particular interest, in connection with possible effects of sunspots, that many of these correlations are practically zero, and even for consecutive months they reach a low of 0.158 for December and January. Hence, knowledge of December monthly mean temperatures will account for only about 2.5 percent of the variation in the immediately succeeding January mean temperatures. Even if it were supposed that the estimated correlation of 0.158 was seriously too low as the result of sampling errors, its 1 percent upper confidence limit is only 0.214. It follows that there is less than one chance in a hundred that the December monthly mean temperature at Greenwich accounts for as much as 4.6 percent of the variance of the immediately subsequent January mean temperature.
To make such correlations bear upon the possibility of a relation between sunspots and weather it is only necessary to recognize that tfhe sunspot cycle extends over several years and that its effect upon terrestrial weather must result in a correlation between observations which are separated by a few months or less. In particular, if the sunspot cycle imposed on terrestrial temperatures any such effect as is sometimes supposed, namely that higher sunspot numbers mean higher terrestrial temperatures, the effect upon any December and the immediately following January would be nearly the same because one month is so small a part of the sunspot cycle, which averages about 11 years.
I n fact, to the extent that deviations of these monthly temperatures from their respective long-time means or trends were due to the effect of any cause which changes slowly through a cycle lasting roughly 10 years, (or longer up to at least a hundred years, thus including the double sunspot cycle), these deviations would be almost perfectly correlated. For example, the 1-month lag correlation for a quantity which follows a sine wave with an 11-year period is 0.99887. For a function which increases linearly through 11 years and then returns instantaneously to its original value, the 1-month lag correlation is 0.95523. This makes it plain that the failure to find a substantial correlation of December with January reflecting some cyclic cause with a period of roughly 10 years is not appreciably due to the length of the interval (1 month) between data.
It follows, that at the 1 percent confidence level, no such cause accounted for as much as 5 percent of the variance of January mean temperatures at Greenwich dping the 99 years 1765 to 1863 inclusive. Meteorologists who find themselves thinking seriously of sunspots as an important cause of terrestrial weather w i l l be well advised to bear this correlation in mind, and to try to develop a hypothesis of sunspot influence sdiiciently detailed to include little or no influence on some important weather elements a t some locations, before they spend more effort on direct search for sunspot-weather relationships.
